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Introduction
CT colonography (CTC) is replacing barium enema as the radiologic investigation of choice for diagnosis of colorectal cancer (CRC) and polyps in both symptomatic and screening populations. International consensus guidelines recommend CTC be performed following full cathartic bowel preparation, preferably with oral contrast to 'tag' colonic residue [1] [2] [3] . Cathartic preparation with oral tagging is used widely since it is designed to maximise test accuracy. However, many patients perceive laxative bowel preparation as the worst aspect of the test 4, 5 and the addition of 'faecal tagging' may add additional burden. Quantitative studies of acceptability have found non-laxative preparation to be equivalent or superior to full-laxative preparation in terms of its acceptability [6] [7] [8] [9] [10] . However, although non-laxative CTC is likely to be better tolerated, its diagnostic accuracy compared to full-laxative studies is currently uncertain and so this preparation is generally reserved for patients considered unfit for full catharsis 11 .
Uptake of screening with full-laxative CTC is low (approximately 22% after a first invitation 12 ). A recent randomized study found non-laxative CTC achieved higher screening uptake than fulllaxative colonoscopy (34% vs. 22%), supporting the argument that non-laxative preparation may have wider applications 13 . Comprehensive evaluation of both preparations is warranted in order to make full comparisons. Furthermore, both types of preparations should be as acceptable as possible, whenever indicated, and so evaluations should also aim to discover where there is scope for improvement. Previous evaluations of patients' experiences using questionnaires are limited to measuring specific aspects, such as the nature and severity of side effects. However, bowel preparation is multifactorial, involving factors such as interference with daily life and possible concerns at the hospital before the test so it is important to explore patients' views in more depth. Moreover, many studies of oral faecal tagging predate its widespread implementation, meaning that little is known regarding patients' opinions of this aspect of their diagnostic test experience when delivered as part of routine clinical practice.
The aim of the present study was to evaluate and compare patients' understanding, perceptions and experiences with the two types of preparations and gain a more complete understanding by using semi-structured interviews in order to elicit detailed responses.
Materials and Methods

Design and participants
Following full ethical review and receiving a favourable opinion from an NHS Research Ethics Committee, a consecutive sample of patients scheduled to attend a local radiology department at a large, urban teaching hospital was identified using the hospital booking system. Patients were due to undergo CTC, following either full-laxative or non-laxative preparation. Prior to CTC, a hospital administrator mailed an information sheet and consent form to eligible participants, inviting them to take part in a semi-structured telephone interview with a researcher (BLIND FOR REVIEW). Patients were met prior to CTC by the researcher to discuss the study, obtain informed consent from patients willing to take part and schedule a telephone interview. Interviews were conducted at least two days later and (based on feedback from the Research Ethics Committee) participants were offered 10GBP for taking part. Patients were excluded if they had not completed prescribed bowel preparation, were unable to speak English, or were otherwise unable to consent.
Procedures
Preparation
Protocols for bowel preparation are described in Figure 1 . Local practice is for the referring clinician to prescribe full-laxative bowel preparation using combined magnesium citrate and sodium picosulphate preparation (Picolax, Ferring Pharmaceuticals, Slough, UK) unless contra-indicated (e.g. renal or cardiac failure), in which case polyethylene glycol (Klean-Prep, Norgine Pharmaceuticals Ltd., Uxbridge, UK) is given. For faecal tagging, patients subsequently receive 100ml oral iohexol (Omnipaque, Bayer Healthcare, Newbury, UK) in the radiology department, two hours prior to CTC. Patients considered too frail for any purgation are prescribed barium sulphate 4.9% weight/volume suspension (E-Z-CAT, Bracco, Lake Success, NY, USA).
CT colonography
A standardised CTC protocol was performed in all patients. 20mg of hyoscine-N-butylbromide (Buscopan, Boehringer Ingelheim) and 100mls of iohexol (Omnipaque 350, Amersham Health) were given intravenously unless contraindicated. CO 2 insufflation was achieved by an experienced practitioner using a thin rectal balloon catheter and automated insufflator (PROTOCO 2 L, E-Z-EM, Bracco, Lake Success, NY, USA); 2-3l CO 2 on average.
Measures
An interview topic guide was developed by three health psychology researchers, BLIND FOR REVIEW, following consultation with three radiologists (with experience of over 1000 CTC examinations each; BLIND FOR REVIEW) and literature review [7] [8] [9] [10] 14 . Open-ended questions were presented in a flexible order (see Table 1 for key questions). Interviews were audio recorded for subsequent analysis.
Analysis
We used a technique known as "thematic analysis" 15 : Recordings were transcribed and analysed by two health psychology researchers (BLIND FOR REVIEW) using software designed for qualitative research (NVivo 9 for Windows, QSR International). Transcripts were read repeatedly and participants' quotes extracted and categorised based on a framework that corresponded to the order in which events happened to participants (i.e. preparation, the hospital visit, after the test). After this initial categorisation, each section was explored to identify sub-themes. These were considered in relation to each other to determine whether they were distinct or could be grouped together. Final themes were reviewed by radiologists (BLIND FOR REVIEW) to provide important additional context. This process allows researchers to form a cohesive interpretation of a complex, rich dataset.
Results
Sample Characteristics
Two patients receiving full-laxative preparation did not receive oral iohexol for faecal tagging in hospital and one patient receiving non-laxative preparation did. These patients were excluded from subsequent analysis. Approximately 105 invitations were sent out. The Research Ethics Committee reviewing this study estimated that a sample of 15 participants per group would be appropriate in order to obtain sufficient data. However, following input from an experienced qualitative researcher who read interview transcripts and preliminary themes, we estimated that data saturation had occurred after nine analysable interviews per group (i.e. those patients receiving CTC within the standard preparation protocol). Additional data were considered unlikely to develop our themes further but would result in burden for subsequent participants 16 and so (following ethical approval) recruitment was halted at this point. All 18 patients completed CTC after full-laxative preparation (polyethylene glycol, PEG or sodium picosulphate and magnesium citrate, SPMC; mean age = 65 years; 67% female) or non-laxative preparation (barium sulphate, Ba 2 SO 4 ; mean age = 74 years, 67% female). Patients frequently reported prior experience with gastrointestinal imaging, including five patients who had undergone colonoscopy, two other patients who had undergone CTC, and a further patient who had experienced flexible sigmoidoscopy.
Referral reasons (as reported by patients) for undergoing CTC with non-laxative preparation included bowel-related symptoms such as abdominal pain, diarrhoea or rectal bleeding (N =4), positive FOBt (N = 3) and as follow-up after other investigations (N = 2). Patients undergoing fulllaxative preparation reported being referred for bowel-related symptoms (N = 3), follow-up testing (N = 5) and positive FOBt (N = 1). Interviews were carried out between 3 and 34 days after patients' investigations (median = 5 days). Several patients reported that they were currently waiting for their results (N = 15) and no patient reported having received them at the time of the interview. Local protocol for follow-up leads to results being provided to patients approximately 14 days after their investigations, meaning that only one of the remaining three patients might have received them by the time they were interviewed. 
Experience of the effects of medicine at home
Full-laxative.
Most patients reported highly negative experiences with the effects of full-laxative solution, including "the most appalling, explosive diarrhoea" (female, 79, Ba 2 SO 4 , describing a previous CTC with fulllaxative preparation). One patient recalled that "every three minutes, I have to go to the toilet. Oh, it was horrible" (male, 66, PEG). Laxative effects also interfered considerably with patients' daily routine ("Pretty awful, I didn't go to work that day 'cause I was running to the toilet"; female, 69, SPMC). A number of other physical effects were mentioned, including abdominal bloating and sleep interference. There were few exceptions to these negative experiences ("It wasn't a bad experience, I really shouldn't say how horrible it is, it really wasn't that bad"; female, 63, SPMC).
Non-laxative.
Experiences were less negative in this group compared to patients undergoing full-laxative preparation ("I was normal, I was surprised it was normal. Didn't do anything like diarrhoea or anything"; male, 63, Ba 2 SO 4 ). Some reported no difficulties ("there was nothing to it…If they ' 
Patient experiences before and during the test
Full-laxative.
Patients frequently commented on the "very boring wait" (male, 76, SPMC) that was necessary after taking iohexol, with one calling it "a waste of my time" (female, 63, SPMC). This patient also questioned why the drink was not available earlier ("[Why couldn't they] provide me with that drink before I got there and then show up at 10.30 instead of 9.30?"). Two patients reported feeling uncomfortable while waiting due to being "tired because of lack of sleep, lack of food and dehydrated" (male, 66, PEG).
Non-laxative.
Patients undergoing non-laxative preparation reported few issues of discomfort before CTC. The wait before CTC was tolerated comparatively well and two patients reported few to no problems ("Bit of waiting but not too much"; female, 80, Ba 2 SO 4 ).
Both groups made similar comments with respect to CTC itself. Both reported having concerns prior to testing regarding rectal catheterisation, breath-holding and turning. However, patients usually found that these aspects were not as difficult or unpleasant as expected ("I was a bit worried that I wasn't going to be able to hold [my] 
breath for that long...but I seemed to do alright...It didn't last long, I was expecting something to last very, very long but it wasn't 5 minutes"
; female, 69, SPMC). Both groups reported insufflation to be the most uncomfortable aspect of the test itself, although discomfort was mild and pain was rare.
Immediate and longer-term after-effects
Full-laxative.
The most commonly reported after-effect was difficulty with passing flatus, which several patients experienced ("They told me not to go home until the gas come out…It took more than half an hour, I just couldn't get it out"; male, 66, PEG). Patients also reported experiencing flatus until the next day or longer although this did not appear to cause significant concerns or discomfort. Some patients reported continued disruption to their usual routine due to feeling tired, dehydrated or unable to eat. Finally, patients often reported a continued change in bowel habit with increased frequency and looseness ("Experienced a little bit of gas and a little bit of diarrhoea"; female, 63, SPMC).
Non-laxative.
Patients in this group reported a more rapid recovery. Fewer reported difficulties passing flatus ("Just went to the toilet for a few minutes, passed some wind, then just go home"; male, 63, Ba 2 SO 4 ) and patients did not report continued changes in bowel habit after the test. Patients also seemed to be more likely to return to their usual routines immediately after the test. However, two patients reported that they did not return to a normal diet immediately ("We didn't get a breakfast and I wasn't able to manage that"; female, 74, Ba 2 SO 4 ). This patient also felt "a bit disoriented" and another "felt dizzy" (female, 82, Ba 2 SO 4 ). Patients were comparable to the full-laxative preparation group in terms of reported tiredness and loss of energy.
Perceptions of the purpose of bowel preparations
Full-laxative.
Most patients felt confident that they understood the purpose of full-laxative preparation, often reporting it to be for 'clearing out' the bowel. Some patients expressed a lay understanding of sensitivity (" [ However, patients had a much poorer understanding of the purpose of faecal tagging administered in hospital. Some patients receiving this recalled being worried and uncertain about the purpose ("A [staff member], she gave me a medical drink and she said go out and come back in…two hours' time and you do a test…I had no idea what it's for"; male, 66, PEG). Patients were also concerned about the possibility of an allergic reaction to iodine.
Non-laxative.
As was observed in the full-laxative group, patients had poor understanding of the purpose and mechanism of faecal tagging. Some patients in this group also described the purpose in terms of 'clearing out' but were notably less confident in their understanding that those taking full-laxative preparation at home ("I was still thinking, I wonder what it does do then"; male, 67, Ba 2 SO 4 ). However, this was rarely a cause for concern and patients were willing to adhere to a clinical recommendation without much consideration ("you don't go into such details, if they demand it from you, you do it"; female, 82, Ba 2 SO 4 ).
Discussion
In this study of patient perceptions and experiences with two commonly used methods of bowel preparation, we found that patients' knowledge and understanding of faecal tagging preparations (whether administered at home or in hospital) was poor compared to full-laxative preparation, the purpose of which was regarded to be "common sense". Patients were willing to adhere to clinical instructions for faecal tagging but expressed concern about its purpose and mechanism. Patients undergoing full-laxative preparation reported significant negative physical effects (in terms of bowel habit, mood and appetite) and disruption to daily routine whereas the effects of non-laxative preparation were generally mild. These latter findings support and decompose those of previous quantitative studies that find non-laxative preparation leads to greater "burden", is "(much) better", less "burdensome", "preferred" and leads to greater "global discomfort" compared to full-laxative preparation 6-10 but do not qualify how these differences are experienced by patients.
The strengths of this study lie in the use of a semi-structured interview design that allowed us to compare experiences between patient groups in depth and so identify previously unconsidered aspects. The sample size was sufficient to achieve a thorough understanding of patients' experiences and so these findings can be applied to future research and practice.
We found that patients primarily understood the purpose of non-laxative preparation (administered at home) in terms of emptying the bowel. This is understandable since the dietary restrictions do remove faeces and several patients reported diarrhoea (possibly due to the inclusion of sorbitol). Although it is reassuring that patients were not anxious regarding their lack of understanding of home-based non-laxative preparation, there was more concern about not knowing the purpose of hospital-based oral contrast, partly due to the stated risks. Patients' understanding of the purpose of this specific part of full-laxative preparation was particularly poor when it had no noticeable effects. It is important that patients have enough knowledge of the purpose of prescribed medications to give fully informed consent. This would not require patients to become subject matter experts but it is appropriate and achievable to ensure that patients have at least a cursory understanding of the reason behind being given any medication. In addition, patients' concerns about oral contrast might be ameliorated quite simply by providing more information on the reasons why oral contrast is prescribed 17 .
We found that patients taking non-laxative preparation at home were willing to comply with instructions, despite poor understanding of the purpose. However, lack of understanding of the purpose of faecal tagging preparation at home raises the possibility of poorer adherence to instructions and contingent negative effects on preparation quality 18 . For example, patients may not recognise why it is recommended that barium sulphate be taken with food unless they understand that it tags faeces, which may mean they take it at other times. Although hospital-based faecal tagging with oral contrast has been found to be acceptable in terms of both discomfort and side-effects 19 , patients in our study reported dissatisfaction with the necessary wait before CTC. Allowing patients to self-administer all preparation at home may improve acceptability but this would need to be balanced against the theoretical risks of allergic reaction, potential laxative effects, and the need to administer within three hours of CTC. Where home-based administration is considered impractical, patients should be provided with information regarding why hospital administration is necessary.
Both groups reported poor understanding of some aspects of their preparation, raising questions over contributing factors. The most likely possibility is that information materials did not include relevant information and so may be failing to meet patients' needs. Appendices 1-4. show extracts of the information provided at the recruiting hospital, demonstrating that the purpose of Ba 2 SO 4 is not stated accurately. Furthermore, the purpose of oral contrast is described as "[helping] better understand the results of the scan" which patients may find unclear. Patients may also find it difficult to assimilate information provided on bowel preparation since they are already considering a large amount of information relating to other aspects of the investigation. Patient information should be tested with users in order to remove these possibilities and future research may assess whether poor understanding of the purpose and mechanisms behind non-laxative preparation adversely affects preparation quality.
This study has limitations. Two full-laxative preparations were used and there may have been subtle differences between them. For example, we did not observe differences in acceptability with respect to the volume of liquid that patients were advised to drink although this has previously been found to affect patients' experiences 20, 21 . In addition, this study took place in a single centre and findings may not generalise fully to hospitals that organise their CTC services differently, particularly with respect to hospital-based faecal tagging and information materials. However, the study sample was recruited from an ethnically and socioeconomically diverse area and patients varied in terms of referral reasons. On average, patients receiving non-laxative preparation were older than those receiving laxative preparation and so more likely to have co-morbidities, consistent with standards of how these preparations are prescribed. Our higher order findings on patients' experience were consistent with previous literature, further supporting the generalisability of this sample.
In conclusion, although non-laxative preparation was more acceptable than full-laxative preparation, this study identified several possible methods of improving both. There is a need for more effective information provision for both home-based, non-laxative bowel preparation, and oral contrast when administered for faecal tagging following full-laxative preparation. Future research may investigate the best approach in helping patients understand bowel preparation and assess the extent to which this could influence preparation quality.
